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@ The electrical sequential initiation of explosions. 

S) A system for the electrical sequential Initiation of explo- 
sions comprising a series of initiating modules (M1-M4) 
connected to one another and adapted to be powered by a 
power supply 10, and, a corresponding series of electrically 
actuable Initiators (F1-F4), each module being connected to an 
initiator, each module comprising non-latching switching means 
actuable to actuate the initiator associated with that module, 
the switching means of each module save the first in the series 
being connected to the initiator associated with the preceding 
module in the series, the arrangement being such that in 
operation of the system the switching means of each module 
are disabled until the initiator associated with the preceding 
module in the series has been actuated by that module, the 
modules in the series being adapted sequentially to be actuated 
by the power supply so as sequentially to initiate the series of 
initiators. 
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THE ELECTRICAL SEQUENTIAL INITIATION OF EXPLOSIONS 



This invention relates to a mining method and 
more particularly to the electrical sequential initiation 
of explosions In mining operations. The invention 5 
also concerns Initiating means for use in such a 
system. 

The accurate sequencing of explosions in under- 
ground mining operations is of the utmost import- 
ance. In advancing a tunnel or stope, sequential 10 
blasting is used to ensure that rock is moved in the 
required direction and to achieve efficient •chisell- 
ing" of the rock mass. Both out-of-sequence blasts 
and misfires can accordingly have significant ad- 
verse effects on mining production. 15 

In an electrical sequential initiation system, initiat- 
ing means may be used to initiate delay elements 
sequentially according to the sequence of explo- 
sions required. Once the delay element has per- 
formed its delay function, the explosive charge with 20 
which it is associated is detonated. 

There is no technical barrier to providing an 
electrical sequential initiation system of this kind. 
However, in the mining industry such a system will 
only be viable if it can be produced at low cost. 25 

A system according to the invention for the 
electrical sequential initiation of explosions com- 
prises a series of initiating modules connected to 
one another and adapted to be powered by a power 
supply, and, a corresponding series of electrically 30 
actuable initiators, each module being connected to 
an initiator, each module comprising non-latching 
switching means actuable to actuate the initiator 
associated with that module, the switching means of 
each module save the first in the series being 35 
connected to the initiator associated with the 
preceding module in the series, the arrangement 
being such that in operation of the system the 
switching means of each module are disabled until 
the initiator associated with the preceding module in 40 
the series has been actuated by that module, the 
modules in the series being adapted sequentially to 
be actuated by the power supply so as sequentially 
to initiate the series of initiators. 

The non-latching switching means preferably 45 
comprise a solid state electronic device having an 
emitter, a gate and a collector, the device being 
characterised in that a short circuit between the gate 
and the emitter holds the device in an "off" state to a 
voltage applied to the collector and in that an open 50 
circuit between the gate and the emitter turns the 
device "on" to a voltage applied to the collector, 
whilst a diode integrated on the device blocks a 
reverse applied voltage. In a preferred form the 
device embodies a Darlington transistor arrange- 55 
ment. 

In a preferred configuration the initiating modules 
are connected to the power supply and to one 
another by a pair of trunk lines which cross over in 
adjacent modules in the series. This configuration 60 
enables all the initiating modules to be identical and 
obviates the need for grouping of the modules in 
pairs. With this configuration the power supply may 



be in the form of a shot initiator which reverses the 
polarity of the supply voltage to the modules at a 
predetermined rate to cause actuation of the series 
of initiators at the same rate. 

Each initiator may comprise a fusible link, for 
example an aluminium or zirconium link, which is 
rendered an open circuit when fused. 

The invention also extends to an Initiating module 
for use in a system for the electrical sequential 
initiation of explosions, as hereinabove defined. 

A preferred embodiment of the invention will now 
be described by way of example with reference to 
the accompanying drawings in which; 

Figure 1 is a block-type diagram of an 
electrical sequential initiation system arranged 
in accordance with the invention; 

Figure 2 is a similar diagram illustrating 
electrical connections of the system; 

Figure 3 is a diagrammatic representation of a 
section through a solid state initiating module 
used in the system; 

Figure 4 is an equivalent circuit of the 
initiating module; 

Figure 5 is a graph illustrating the electrical 
characteristics of the module; and 

Figure 6 shows a connector used in the 
system of Figures 1 and 2. 
Figures 1 and 2 illustrate a four stage electrical 
sequential system. The system comprises a series of 
four initiating modules designated M1 to M4 and a 
corresponding series of four initiators designated F1 
to F4. The system is powered by a shot initiator 10 
which is connected by two trunk wires 12 to the last 
initiating module M4. The initiating modules M1 to 
M4 are connected to one another by the two trunk 
wires 12 and by a third "sense" wire 14, the function 
of which will be more fully described hereunder. 
Each of the initiators F1 to F4 may comprise a fusible 
link, for example, an aluminium or zirconium link 
which is rendered an open circuit when it is fused by 
an electrical current. 

Each initiating module M1 to M4 comprises a solid 
state electronic non-latching switch device illus- 
trated in Figures 3 and 4 and which has an emitter, 
gate and collector accessible via terminals E, G and 
C respectively. The module is composed of a 
Darlington transistor arrangement T1 to T3 having a 
diode D between the collector of transistor T3 and 
the collector terminal C of the module. Resistor R is 
provided between the collector of transistor T3 and 
the gate of transistor T1. 

The construction of the integrated module is 
illustrated in Figure 3 from which it can be seen that 
it comprises a lateral four-layer structure having an 
N+ silicon substrate 4 with an N epitaxy layer 6 
thereon. Interconnecting metal on the device is 
designated by the reference numeral 8. The charac- 
teristics of the module are illustrated in Figure 5. Of 
particular importance is the fact that the module is 
used in two modes, that is a blocking mode 
represented by curve 16 and a conducting mode 
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represented by curve 18. Referring firstly to the 
blocking mode, when the gate G and emitter E of a 
module M are shorted, that Is when VGE - 0, the 
transistors T1 to T3 are held in an 'off* state to a 
positive voltage applied to the collector C, whilst the 5 
diode D blocks reverse voltages. The only current 
flowing through the module in this mode is approxi- 
mately VCE/R. The value of R is chosen so that the 
current through the module is negligible from the 
point of view of operation of the initiation system. 10 
The forward and reverse breakdown characteristics 
are indicated by numeral 17. 

When the gate G is an open circuit, that is when 
IG = 0, a positive applied collector voltage will 
cause the resistor R to puli the transistor T1 on and is 
hence ail the transistors T1 to T3 will conduct. Curve 
18 in Figure 5 illustrates the current flow through the 
module. The forward voltage drop will be the 
saturation voltage of the transistors T1 to T3 plus the 
forward drop across the diode D. For a negative 20 
collector voltage, the diode D continues to block 
current flow. A further important feature of the 
module is the cross-over of the trunk lines 12 in the 
circuitry of the module itself as shown in Figure 2. 
The modules are hence identical and this obviates 25 
the need for their grouping in pairs. In practice, each 
of the modules M1 to M4 will be encapsulated in a 
connector which is schematically illustrated by 
numeral 22 in Figure 2 and which is shown in Figure 
6. Each connector has three prongs 24 on one side 30 
and three corresponding sockets 26 on an opposite 
side. The prongs and sockets will connect to the 
emitter, gate and collector of each module accord- 
ing to the configuration of Figure 2. Adjacent 
modules are connected by lengths of electrical cable 35 
28 terminating in elements 30, 32 having prongs and 
sockets corresponding with those of the connectors 
22 and carrying the trunk wires 1 2 and the sense wire 
14. 

The above described modules are interconnected 40 
in the electrical sequential initiation system shown in 
Figures 1 and 2. As seen from Figure 2, the gates G 
of the modules M2 to M4 are connected by means of 
the sense wires 14 to the initiators F1 to F3 
respectively. Thus, the gate of each module save 45 
that of the first module is connected to the initiator of 
the immediately preceding module. The trunk lines 
12 connect to the emitter and collector of each 
module M1 to M4 but as described above the trunk 
lines cross over between succeeding modules so so 
that they connect alternately to the emitters and 
collectors of successive modules. 

In use, the shot initiator 10 reverses the polarity of 
the supply voltage to the initiation system at a 
predetermined rate to cause actuation of the 55 
initiators F1 to F4 at the same rate. The wave form of 
the supply voltage is illustrated by numeral 20 in 
Figure 2. With the terminal of the gate G of the first 
module M1 open and with power applied from the 
shot initiator 10, there is no gate current to the 60 
module M1, that is IG = 0. When the voltage 
becomes positive on the collector C of the module 
M1, current will pass through the initiator F1. Ail the 
remaining modules are in a blocked state. When the 
initiator F1 fuses it becomes an open circuit. The 65 



gate G of the second module M2 immediately 
becomes reverse biassed as module M1 is conduct- 
ing but as the collector C of module M2 is negative, it 
remains in. a blocking mode with no current passing 
through the Initiator F2. When the supply voltage 
reverses, the first module M1 enters the blocking 
mode and no current flows out of or Into the gate G 
of the second module M2 since the initiator F1 Is 
open. With a positive voltage on the collector C of 
module M2, current flows through the initiator F2 
and it in turn is initiated^ becoming an open circuit. 
When the Initiator F2 fuses, the gate G of the module 
M3 Immediately becomes reverse biassed as mo- 
dule M2 Is conducting and as the collector C of 
module M3 is negative it remains in a blocking mode. 

In this way the initiators F1 to F4 are sequentially 
actuated at the rate thai the shot initiator .1 0 reverses 
the polarity of the supply voltage. 

Each of the initiators F1 to F4 may serve to Initiate 
a detonator or a delay element for a detonator, for 
example, an electronic delay : element or a burning 
fuse. The delay element in turn will serve to.infflate an 
explosion once It has performed its delay function. 

The supply voltage from the shot initiator 10 will be 
limited to a value which is less than the forward and 
reverse breakdown voltages of the modules M1 to 
M4 and in addition the current from the initiator 10 
will be limited to a predetermined value, being set 
high enough to ensure that individual Initiators F1 to 
F4 are actuated over a well controlled but short 
Period. ...... 

A significant feature, of the modules is thai they 
provide a non-latching switch and that the module 
will return to its blocking mode after non-destructive 
transient overvoltages provided the preceding initia- 
tor F remains intact. This gives the system high 
immunity to induced spikes and noise on the trunk 
lines 12. It is also noteworthy that only voltages 
exceeding the module breakdown voltage will en- 
able current to pass into the initiators and this for 
only that instant of time that the breakdown voltages 
of the modules are exceeded. It is important to note, 
however, that the net energy from the power supply 
passing into the Initiators in these conditions can be 
strictly limited. In this regard, it has been shown that 
with the use of prior art silicon controlled rectifier 
devices (SCRs) as switches in electrical sequential, 
initiation systems, relatively small fast rise, time 
signals can cause spontaneous Initiator actuation by 
a process of dv/dt firing of the SGR. After a SCR has 
been turned on in this manner, current from the 
power, supply holds the SCR in the on stale and 
energy from the power supply will continue to be 
applied to the initiators. With these prior art devices 
this may cause the spontaneous and simultaneous 
firing of several initiators and may cause out-of-se- 
quence firing. 



Claims 

1. A system for the electrical sequential 
Initiation of explosions comprising a series of 
Initiating modules connected to one another 
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and adapted to be powered by a power supply, 
and, a corresponding series of electrically 
actuable initiators, each module being con- 
nected to an initiator, each module comprising 
non-latching switching means actuable to actu- 5 
ate the initiator associated with that module, the 
switching means of each module save the first 
in the series being connected to the initiator 
associated with the preceding module in the 
series, the arrangement being such that in 10 
operation of the system the switching means of 
each module are disabled until the initiator 
associated with the preceding module in the 
series has been actuated by that module, the 
modules in the series being adapted sequen- 15 
tially to be actuated by the power supply so as 
sequentially to initiate the series of initiators. 

2. A system as claimed in claim 1 in which the 
non-latching switching means comprise a solid 
state electronic device having an emitter, a gate 20 
and a collector, the device being characterised 

in that a short circuit between the gate and the 
emitter holds the device in an "off" state to a 
voltage applied to the collector and in that an 
open circuit between the gate and the emitter 25 
turns the device "on" to a voltage applied to the 
collector, whilst a diode integrated on the 
device blocks a reverse applied voltage. 

3. A system as claimed in claim 2 in which the 
solid state electronic device embodies a Dar- 30 
lington transistor arrangement. 

4. A system as claimed in any one of the 
preceding claims in which the initiating modules 
are connected to the power supply and to one 
another by a pair of trunk lines which cross over 35 
in adjacent modules in the series, the power 
supply being in the form of a shot initiator which 
reverses the polarity of the supply voltage to the 
modules at a predetermined rate to cause 
actuation of the series of initiators at the same 40 
rate. 

5. A system as claimed in claim 4 in which 
each initiating module is encapsulated in a 
connector, adjacent connectors being con- 
nected by lengths of cable carrying the trunk 45 
lines. 

6. A system as claimed in any one of the 
preceding claims in which each initiator com- 
prises a fusible link which is rendered an open 
circuit when fused. 50 

7. A initiating module suitable for use in a 
system for the electrical sequential initiation of 
explosions comprising a solid state electronic 
device having a emitter, a gage and a collector, 

the device being characterised in that a short 55 
circuit between the gate and the emitter holds 
the device in an "off" state to a voltage applied 
to the collector and in that an open circuit 
between the gate and the emitter turns the 
device "on" to a voltage applied to the collector, 60 
whilst a diode integrated on the device blocks a 
reverse applied voltage. 

8. A module as claimed In claim 7 in which the 
module embodies a Darlington transistor ar- 
rangement. 65 
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